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ABSTRACT

Two field seasons of macrolichen inventory were conducted in Gates of the Arctic National Park and
Preserve (GAAR), Alaska. Findings from these two years were combined with all existing lichen records
for the park. A total of 260 macrolichens are now reported from GAAR. Of these, 41 species are new
records for GAAR, with 39 species new records for the Brooks Range, and 4 species new records for
Alaska. Abundance ratings and range data are reported for macrolichen species. A total of 180 crustose
lichens is also reported from consolidated literature reports. A database has been constructed with detailed
location and habitat data for each species.

INTRODUCTION

Lichens are a highly significant component of many arctic ecosystems (Viereck 1992, Thomson 1984). In
Gates of the Arctic National Park and Preserve (GAAR) in the central Brooks Range of arctic Alaska,
nonvascular plants probably account for more than 50% of the species and a high proportion of the overall
biomass of tundra communities (GAAR 1989). Lichens constitute the major winter food source for the
caribou migrating through the park (Moser et al. 1979; Boertje 1984), and serve are important sources of
fixed nitrogen, antibiotic nesting material, and food for arthropods (Sharnoff 1992). The park is charged
with conserving the lichen biodiversity within its boundaries, but has had little sense of which species

warrant special concern.

Several previous studies have inventoried lichens in GAAR or have made brief forays into the park as part
of a larger arctic study (e.g., Murray 1974; Cooper 1983; Moser et al. 1979; Thomson 1979 & 1984,
Neitlich and Hasselbach 1996). This study combines extensive field work in 1996-7 with review of all
existing literature in order to make a comprehensive list of macrolichens known from the park. The study
then attempts to place known holdings in perspective by assessing parkwide abundance both qualitatively
and quantitatively, and placing the more unusual species in context of their parkwide, statewide, and global

ranges.

The taxonomy of crustose lichens is poorly known in comparison to that of macrolichens; consequently the
range status of many crustose species is also poorly known, and frequently suspect due to taxonomic
inconsistencies. For these reasons, we have consolidated earlier reports of crustose species {Table 7) but
did not otherwise evaluate the status of these species in this report. Location records for crustose and
macrolichens can be accessed in the new GAAR Lichen Database (Neitlich and Hasselbach 1998a).

METHODS

Inventory
Macrolichen collection was undertaken at 65 locations (Fig. 1, Table 1) in July and August of 1996 and

1997. Identifications were performed using Thomson (1979 and 1984), McCune and Goward (1995),
Goward et al. (1994), and Brodo and Hawksworth (1977). Most determinations were made by Peter
Neitlich, using collections at GAAR (Gates of the Arctic National Park Herbarium, Fairbanks, AK) and
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ALA (University of Alaska at Fairbanks Herbarium) for verification. Questionable or problem specimens
were sent to taxonomists including Ted Esslinger, Bruce McCune, Sam Hammer, John W. Thomson, and
Trevor Goward. Nomenclature follows Esslinger and Egan (1995) with the exception of new treatments in
the genera Cetraria and Coelocaulon, which follow nomenclature in McCune (1995).

Abundance Detection Plots
Eleven plots were conducted in order 10 assess parkwide abundance of the more common species

(Appendix 1). Three plots were done in spruce-lichen woodland, three in southern alpine tundra and five
in northern alpine tundra. (See Table 1 for exact locations and habitats of plots). Plots were time-based
rather than area-based in order to accommodate the demands of a travel-intensive inventory and to cover a

broad cross-section of habitats with relatively few plots.

Abundance was rated from 1 to 4 for all species encountered in two hours as follows: 1) encountered 1-3
times; 2) encountered 4-10 times; 3) encountered > 10 times but covering less area than rating 4; 4)
covering more than 25% of all area on the substrate normally occupied by that species. In this scheme,
ratings of 2 and 3 were common, 1 occasional and 4 infrequent. Most species rated were identifiable in the
field and not backed by voucher collections; less common species were vouchered.

Data Analysis
Species abundance data was analyzed both for frequency of occurrence and for exploratory detection of

community gradients. Community gradients were analyzed using the software PC-ORD (McCune and
Mefford 1995). A community matrix of 11 plots by 162 species was analyzed using Nonmetric
Multidimensional Scaling (a minimally-distorting ordination algorithm), Cluster Analysis for detection of
groups, and Multi-Response Permutation Procedures (MRPP: a nonparametric, multivariate test of group
similarity) to test Cluster and ordination groupings.

Parkwide Abundance Ratings

Abundance was rated for each species in the park in a two step process. First, species recorded in
abundance detection plots were grouped according to parkwide frequency scores. Preliminary groupings
were: Abundant: >0.85; Common: 0.31-0.85; Occasional: 0.10-0.30; and Uncommon: <0.10. Species rated
as Occasional, Common or Abundant were recorded as such in Table 3. Species rated as Uncommon, or
species not found in plots were rated according to a second scale: Occasional: found at >3 locations in the
park (as per GAAR Lichen Database: Neitlich and Hasselbach 1998a), often with specialized habitats or
patchy distribution; Uncommon: rarely encountered, found at only 1-3 locations in the GAAR Lichen

Database.

RESULTS

Gnndd

Inventory
This inventory synthesizes the records of lichens which were collected in 76 locations in Gates of the

Arctic National Park and Preserve (Table 1, Fig. 1) by 18 sources (Table 2). A total of 260 macrolichen
taxa were documented from our field work and that of 16 other projects between 1950 and present (Table
3). Five of the 260 taxa are varieties of already listed species, while the other 255 represent species and
subspecies. Field work in 1996-7 yielded over 900 collections totaling 201 species, or 80% of the species
known from the park. Of the additional 59 species found either in the previous park database (USDI 1989)
or newly searched literature, 5 represent varieties or subspecies unrecognized in current literature (Egan
and Esslinger 1995), and 6 others are likely misidentifications. Of the latter, most are now thought to be
absent from Alaska and a few thought to be absent from North America entirely. Therefore, the total
number of currently known park macrolichens is likely to be 249. Detailed records of each known
collection in the park are cited in the GAAR Lichen Database (Neitlich and Hasselbach 1998a).
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Four species--Anaptychia ulotrichodes, Phaeophyscia decolor, Phaeophyscia kairamoi, Psora
tuckermanii--are new records for Alaska. Forty-one species (16% of the park’s macrolichen flora) are new
records for the park, with 39 species new records for the Brooks Range. Additional locations were found
for 26 species previously known from a single location in the park. Twenty-six percent of the species
listed in Table 3 represent notable extensions of formerly known ranges.

Crustose lichens were also collected, but have not yet been identified. The park’s currently known crustose
lichen flora is detailed in Table 7 and the GAAR Lichen Database (Neitlich and Hasselbach 1998a).

Status Assessment
Of the 260 lichens cited above, 5% are “abundant” (Table 4; Table 3 bottom), with nearly 50% “common”

to “occasional” and 40% “uncommon”. Some of the uncommon species warrant special attention. Of the
39 species which are new records for Alaska and/or for the Brooks Range, many are northern disjuncts of
species more widely distributed in the southern portion of their range. Several, however, are rare

throughout their range.
Some notes on species of concern follow:

Anaptychia bryorum Poelt. is possibly undercollected and easily confused with Phaeophyscia. lts range is
under investigation, but is suspected to be rare. Additional investigation of this species’ range will be
presented in Neitlich and Hasselbach (1998b). Determined by T. Esslinger.

Anaptychia ulotrichodes (Vainio) Vainio is also possibly undercollected and appears superficially similar
to Physconia thomsonii. . lts range is under investigation, but is suspected to be uncommon to rare.
Additional investigation of this species’ range will also be presented in Neitlich and Hasselbach {1998b).

Determined by T. Esslinger.

Cladonia subcervicornis (Vainio) Kernst. is considered absent from North America (Esslinger and Egan
1995), but has been verified by J. W. Thomson in 1997, who also reports this species from a few locations
in Alaska. It may represent a variation from C. macrophyllodes. Materials will be sent out for further

study.

Cladonia thomsonii Ahti appears to be globally rare, and occurs only in Alaska and the Northwest
Territories. It is reported by several sources as present in GAAR. Some material we have called C. turgida
on the basis of chemistry has been previously annotated by J. W. Thomson as C. thomsonii, which differs
in chemistry. Sam Hammer agreed with our chemical determination of C. turgida for some of the material.
Subsequent retesting upheld our original determination. We will send some of this material out for further

study.

Collema glebulentum (Nyl. ex Crombie) Degel. appears to be fairly sparse to rare throughout most of its
range, though it is likely to be circumpolar and is known from several other locations in Alaska.

Melanelia olivaceoides (Krog) Essl. appears to be extremely rare in Alaska and North America. It also has
some disjuncts far south in the southern hemisphere.

Phaeophyscia ciliata (Hoffm.) Moberg is probably circumpolar but scarce throughout its range, and rare in
western North America. It has been collected in southeast Alaska, and the Alaska Peninsula (Neitlich and
Hasselbach 1996) but is otherwise unknown in the state. Verified by T. Esslinger.

Phaeophyscia constipata (Norrlin & Nyl.) Moberg is an uncommonly reported species which becomes
rare in the northern portion of its range. It is a North American and European species which has been
reported as occasional to “frequent” over calcareous rock in intermountain British Columbia and the
Northern Rocky Mountains (Goward et al. 1994; McCune 1995). It appears to be known in Alaska only
from one other location in southcentral. Determined by T. Esslinger.



Phaeophyscia decolor (Kashiw) Essl. is included by many authors in P. endococcinea, which is also rare in
Alaska. This is the only collection reported for Alaska, but some material reported as P. endococcinea,
may be this species. Verified by T. Esslinger. Both of these species become slightly more common to the
south in the Northern Rockies and British Columbia (McCune and Goward 1994, Goward et al. 1994).

Phaeophyscia kairamoi (Vainio) Moberg is uncommon in North America and previously unknown in
published literature for Alaska. It has been reported by Neitlich and Hasselbach (1996) from the Alaska
Peninsula, where it is also rare.

Physcia phaea (Tuck.) J. W. Thomson is fairly widespread in eastern North America, but is known in
Alaska only from one other location along the eastern Yukon (Thomson and Ahti 1994).

Psora tuckermanii R. Anderson ex Timdal, a new record for Alaska, is fairly widespread in dry
intermountain areas of western North America.

Some of the species reported as “Uncommon” may be misidentifications, e.g., Peltigera collina and P.
membranacea. These species have been reported from earlier sources, but are now doubtful in light of the
greatly improved taxonomy of this genus in the past decade. This problem is typical of the other species
given (%ed.) status in Table 3.

Range status
The majority of range extensions in the park appear to be northward extensions of ranges in circumboreal,

temperate, eastern or western North American ranges (Table 5). Beringian radiants are common in the
park, but were underrepresented in range extensions. The high proportion of species widespread in Alaska
reflects the modest previous amount of sampling in the Brooks Range compared to other areas.

Table 5. Biogeographic affinities of 67 range extensions reported for Gates of the Arctic National
Park and Preserve, Alaska.

Predominant Range Number of Species
Widespread south/east of northern AK, primarily
circumboreal/temperate 34
High arctic ‘ 1
Beringia 2
Not widespread, but frequent to infrequent
throughout AK other than Brooks Range 16
Rare or unknown due to rare reporting 14

Sixty-two percent of the 39 species representing new records for Alaska and/or the Brooks Range were
epiphytes and another 7 percent were ligniphytes (i.e., growing on dead wood). Fully 50% of the total
number of range extensions (i.e., including new park records or second sites) were epiphytes or
ligniphytes. Nephroma bellum, N. helveticum and N. resupinatum, are fairly representative of other large
range extensions in Table 3 in that they are epiphytes widely distributed in the Pacific Northwest, but
become increasingly rare in the northern part of their range. Additional inventory should certainly look
closely at epiphytes as many species probably await detection and because taxonomically difficult
epiphytic genera including Bryoria and Usnea have received inadequate attention in this and other studies.

Community Analysis

Quantitative Exploration

A lichen community analysis of 11 time-based plots was conducted in order to allow for better
interpretation of abundance data as well as to generate hypotheses about major lichen community gradients




in the park. Afier deletion of species occurring in fewer than 2 plots, the matrix of 11 plots by 107
macrolichen species was analyzed. Cluster analysis detected the presence of three major groups: 1)
forested plots (n=3), 2) northern alpine plots (n=5), and 3) southern alpine plots (n=3). MRPP was
conducted to test for multivariate differences in species-space between combined northern and southern
alpine plots vs. forested plots. The test concluded that alpine plots occupied a very different region of
species-space than forested plots (p= 0.0004). Subsequent testing with MRPP also revealed distinet,
though less dramatic, differences between northern alpine and southern alpine plots (p=0.01). Testing of
the matrix using a randomly assigned grouping variable found no detectable differences (p=0.58);
similarly, testing of the alpine plots using high elevation v. low elevation, rather than latitude, found no
detectable differences (p=0.51).

Ordination of the reduced-species matrix was conducted using Nonmetric Multidimensional Scaling
(NMS). Afier rotating the graph to align major plant community type (i.e., forested v. alpine) with Axis 1,
the ordination explained 87% of the variation in the data with 71% loaded on Axis 1. As expected, the
“percent of plot covered by forest” variable was strongly correlated with Axis 1 (r=0.94) and the closely
related “latitude” variable was strongly negatively correlated with Axis 1 (r=-0.74). These variables are
related because forested plots occurred only in the southern tier of the park. Axis 2 yielded little
interpretable result either in terms of environmental variables or species correlations with this axis.

The species most strongly correlated with Axis 1 were those which occurred exclusively to predominantly
in forests, e.g., Bryoria lanestris (=0.94), Ramalina dilacerata (r=0.91), and Parmeliopsis hyperopta
(r=0.97). The species most strongly negatively correlated with Axis 1 were those strongly associated with
alpine communities, e.g., Dactylina ramulosa (=0.88), Masonhalea richardsonii (r=0.77), and
Sphaerophorus globosus (1=0.95). 1t is likely that a higher number of alpine plots would have allowed
better discrimination in ordination between northern alpine and southern alpine plots. It is also likely that
fixed-area plots in different landforms within these two regions would have been detectable.

Hypothesized Major Lichen Communities in GAAR

This study was primarily an inventory rather than an ecological study of lichen communities. Still, field
observations suggest a great deal about the potential lichen communities in the park which remain to be
quantified and tested for difference. At least 15 plant communities or environments are likely to host
distinct lichens communities (Table 6). To detect these differences statistically, a probable minimum of 5-
8 plots per community type would be needed, totaling 75 to 120 plots.

DISCUSSION AND CONCLUSIONS

Need for Statewide Database

The database constructed in the course of this project (Neitlich and Hasselbach 1998) includes all of the
species and most of the associated location records in GAAR. The database, together with the abundance
and range data provided in this report, creates the framework within which to assess the rarity and potential
sensitivity to impacts of each known species. This represents a far more systematic approach to the lichen
species than previously available. Since none of these species is endemic to GAAR, we have attempted to
place the range and rarity status of the park’s lichens in regional (and where appropriate, global) context.
Quick or easy approaches to this task are difficult because published floras (e.g., Thomson 1984) are out of
date, published lists are quite numerous, and many unpublished collections are unrecorded. Tomovetoa
higher level of sophistication in our lichen knowledge and conservation planning, we need a statewide
database that consolidates all known lichen collection records in Alaska. In many states, such lists are
maintained by the Natural Heritage Program network. Since this agency is understaffed in Alaska,
however, such a project may need to be funded by a consortium of federal public land agencies and state

universities.




Lichen Protection and Restoration af GAAR
Resource managers at GAAR have long been aware of the fragility of lichen communities in areas such as
Arrigetch Peaks, but have had little data to evaluate impacts.

Two management recommendations:

1. Lichen knolls and other rocky tundra environments contain a large number of lichen species and high
lichen biomass. Unlike some areas with high biomass but low diversity of species (e.g., granite talus
fields), the few lichen knolls we visited (at Walker Lake, Arrigetch Peaks, Reed River) appeared to host a
high diversity of lichens. These would be excellent areas in which to focus additional inventory, and to
study from a community perspective.

The lichen knolls in the Arrigetch have been degraded to the point where lichens are scarce on the
knolltops and present only on the steep-sloped sides. While only one unusual species, Peltigera
kristinsonii, was found on an Arrigetch knoll, it is likely that others await discovery. To the maximum
extent possible, lichen knolls should be protected from further injury and restored using a propagule
mixture from a wide variety of lichen species. Propagules can be obtained by crushing a moderate volume
of mixed fruticose lichen species with an adherent agent (such as the fibrous material used by
hydroseeders) and applying generously. Based on lichen growth rates of common fruticose species (Pegau
1968), it is likely that a heavily degraded area, if restored and protected, could be fairly well covered by
lichens in less than 30 years and fully recovered in under 100 years.

5. Calcareous, rocky tundras, scree and fellfields are likely to host the greatest proportion of rare and
unusual species in the park. Species including Anaptychia ulotrichodes, Phaeophyscia kairamoi, Physcia
phaea, Phaeophyscia decolor, Phaeophyscia endococcinea, and Psora tuckermanii are all found on
calcareous rock or soil, or on siliceous rocks in a highly calcareous zones. Such environments occur in
vicinities including Kurupa Lake, Anaktuvuk Pass, Cocked Hat Mountain, Walker Lake, and the ridge
system in the vicinity of Pingo Lake on the Noatak River. The areas of greatest interest are predominantly
alpine and above 750 m in elevation. Calcareous areas, though not typically as high in lichen biomass or
diversity as acidic zones, have a vastly different flora and will be important areas to visit in additional
sampling. While impacts cannot be characterized as heavy in these areas, there has been a visible removal
of lichens from rocks by boots along well-traveled routes such as the Hidden Valley. It should be noted
that impacts to lichens in granitic areas, while they may be more obvious, are likely to be less biotically
significant than impacts in calcareous zones.

Community Studies

Although at least one major study has classified the vegetation communities in a small area within GAAR
(Cooper 1983), basic quantitative data is lacking on the lichen communities of the central Brooks Range
and their distribution. Further study is needed to classify the major lichen communities according 1o
primary environmental gradients and to map their distribution. In addition to providing valuable baseline
data, this would allow insight into less common lichen communities (e.g., those on substrates with limited
distribution) and into likely sites to find uncommon and rare lichen species.
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Table 4. Lichen frequency in eleven abundance detection plots, Gates of the Arctic National Park, Alaska.
Raw data for detection plots is reported in Appendix 1. Alpine plots are a composite of northern and southern
plots above treeline. Total possible abundance = 44.
Freq. in
Forested Freq. in Total Total
Tazon Plots Alpine Plots Freq. Abundance
Cetraria nivalis 1.00 1.00 1.00 34
Cladonia amaurocraea 1.00 1.00 1.00 33
Cladonia gracilis ssp. gracilis 1.00 1.00 1.00 31
Arctoparmelia centrifuga 0.67 1.00 0.91 30
; Cetraria cucullata 1.00 0.88 0.91 29
f Cetraria islandica 1.00 0.88 0.91 30
Cladina rangiferina 1.00 0.88 0.91 28
Cladina stellans 1.00 0.88 0.91 32
armelia omphalodes 0.67 1.00 0.91 28
eltigera aphthosa 1.00 0.88 0.91 27
eltigera malacea 1.00 0.88 0.91 26
Umbilicaria proboscidea 0.67 1.00 0.91 30
Arctoparmelia separata 0.67 0.88 0.82 27
Cladonia coccifera 1.00 0.75 0.82 22
Nephroma arcticum 1.00 0.75 0.82 26
tereocaulon alpinum 0.67 0.88 0.82 26
Thamnolia subuliformis /vermicularis 0.33 1.00 0.82 26
Umbilicaria hyperborea 1.00 0.75 0.82 27
ryocaulon divergens 0.67 0.75 0.73 23
etraria nigricans 0.33 0.88 0.73 22
ladina arbuscula/mitis 1.00 0.63 0.73 23
ladonia crispata 0.67 0.75 0.73 20
ladonia pyxidata/pocillum 0.67 0.75 0.73 24
ladonia sulphurina 1.00 0.63 0.73 24
Dactylina arctica/beringica 0.67 0.75 0.73 23
Dactylina ramulosa 0.00 1.00 0.73 18
obaria linita 0.33 0.88 0.73 21
Melanelia stygia 0.33 0.88 0.73 24
phaerophorus globosus 0.00 1.00 0.73 22
Alectoria ochroleuca 0.00 0.88 0.64 20
) sahinea chrysantha 0.00 0.88 0.64 20
- etraria commixta/hepatizon 0.00 0.88 0.64 21
: etraria delisii 0.33 0.75 0.64 19
etraria tilesii 0.00 0.88 0.64 18
Masonhalea richardsonii 0.00 0.88 0.64 21
; Alectoria nigricans 0.33 0.63 0.55 15
ryoria nitidula 0.00 0.75 0.35 17
etraria laevigata 0.33 0.63 0.55 10
ladonia cornuta 0.67 0.50 0.55 17
ladonia uncialis 0.67 0.50 0.55 15
, armelia sulcata 1.00 0.38 - 0.55 14
eltigera canina 0.33 0.63 0.55 15
/ tereocaulon tomentosum 0.67 0.50 0.55 18
mbilicaria caroliniana 1.00 0.38 0.55 16
Allantoparmelia almquistii 0.00 0.63 0.45 14
Asahinea scholanderi 0.00 0.63 0.45 14
ladonia macrophylla 0.33 0.50 0.45 12
ladonia phyllophora 0.67 0.38 0.45 9
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Forested Freq. in Total Total

Taxon Plots Alpine Plots Freq. Abundance
Hypogymnia bitteri 1.00 0.25 0.45 12
Hypogymnia physodes 1.00 0.25 0.45 11
Sphaerophorus fragilis 0.00 0.63 0.45 13
Kanthoria elegans 0.00 0.63 045 15
Cetraria pinastri 0.67 0.25 0.36 8
Cetraria sepincola 0.67 0.25 0.36 8
Cladonia bellidiflora 0.33 0.38 0.36 9
Cladonia gracilis ssp. turbinata 1.00 0.13 0.36 8
Cladonia maxima 0.67 0.25 0.36 11
Nephroma expallidum 0.00 0.50 0.36 10
Nephroma parile 0.67 0.25 0.36 7
Parmeliopsis hyperopta 1.00 0.13 0.36 10
Peltigera scabrosa 0.33 0.38 0.36

Physcia aipolia 0.00 0.50 0.36

Solorina crocea 0.00 0.50 0.36

Brodoa oroarctica 0.00 0.38 0.27

ryoria lanestris 1.00 0.00 0.27

{Cetraria kamczatica 0.00 0.38 0.27

1Cladonia cenotea 0.67 0.13 0.27

iCladonia chlorophaea 1.00 0.00 0.27

ladonia ecmocyna 0.67 0.13 0.27

ladonia fimbriata 0.33 0.25 0.27

oelocaulon aculeatum 0.33 0.25 0.27

vernia mesomorpha 1.00 0.00 0.27

ypogymnia austerodes 1.00 0.00 027

Melanelia exasperatula 0.67 0.13 0.27

Melanelia septentrionalis 0.67 0.13 0.27

ephroma bellum 1.00 0.00 0.27

armelia saxatilis 0.33 0.25 0.27

armeliopsis ambigua 1.00 0.00 0.27

hyscia caesia 0.00 0.38 0.27

Ramalina dilacerata 1.00 0.00 0.27

tereccaulon glareosum 0.33 0.25 0.27

Umbilicaria cinereorufescens 0.00 0.38 0.27

Umbilicaria cylindrica 0.00 0.38 0.27

Usnea lapponica 1.00 0.00 0.27

Cladonia bacilliformis 0.67 0.00 0.18

Cladonia botrytes 0.33 0.13 0.18

Cladonia carneola 0.67 0.00 0.18

Cladonia coniocraea 0.67 0.00 0.18

Cladonia cyanipes 0.00 0.25 0.18

Cladonia metacorallifera 0.33 0.13 0.18

Cladonia squamosa 0.33 0.13 0.18

Cladonia stricta 0.33 0.13 0.18

Cladonia wainiol 0.33 0.13 0.18

Hypogymnia subobscura 0.00 0.25 0.18
Leptogium sp. 0.33 0.13 0.18

Melanelia olivacea 0.67 0.00 0.18

Melanelia tominii 0.00 0.25 0.18

Nephroma helveticum 0.67 0.00 0.18

NNU:O\&V\MO\ANWLOMNW\OOO\D@\)\J@MQ\)\J\)\!O\&WM\!O\SO\&S\DO@

Nephroma resupinatum 0.67 0.00 0.18
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Forested Freq. in Total Total

Tazxon Plots Alpine Plots Freq. Abundance
iPeltigera rufescens 0.33 0.13 0.18 3
hysconia muscigena 0.00 0.25 0.18 6
seudephebe pubescens 0.00 0.25 0.18 6
Rhizoplaca chrysoleuca 0.00 0.25 0.18 6
tereocaulon paschale 0.33 0.13 0.18 5
+ Tuckermanopsis americana 0.67 0.00 0.18 2
{Umbilicaria deusta 0.00 0.25 0.18 4
1Usnea scabrata 0.67 0.00 0.18 6
1 Arctoparmelia incurva 0.00 0.13 0.09 3
Bryoria simplicior 0.33 0.00 0.09 1
iCetraria chlorophylla 0.33 - 0.00 0.09 1
etraria inermis 0.00 0.13 0.09 1
Cladonia boryi 0.00 0.13 0.09 3
Cladonia cariosa 0.00 0.13 0.09 1
ladonia deformis 0.33 0.00 0.09 1
Cladonia ochrochlora 0.33 0.00 0.09 2
Cladonia pleurota 0.33 0.00 0.09 1
iCladonia scabriuscula 0.33 0.00 0.09 1
Cladonia subfurcata 0.00 0.13 0.09 3
%Cladania thomsonii 0.00 0.13 0.09 2
iCladonia verruculosa 0.33 0.00 0.09 2
Collema undulatum var. granulosum 0.00 0.13 0.09 3
Dactylina madreporiformis 0.00 0.13 0.09 3
Hypogymnia vittata 0.00 0.13 0.09 1
{Imshaugia aleurites 0.33 0.00 0.09 1
Lasallia pensylvanica 0.00 0.13 0.09 2
Leptogium saturninum 0.00 0.13 0.09 2
Lobaria scrobiculata 0.33 0.00 0.09 3
Melanelia disjuncta 0.00 0.13 0.09 2
Melanelia panniformis 0.00 0.13 0.09 2
Pannaria pezizoides 0.33 0.00 0.09 1
Parmelia fraudans 0.00 0.13 0.09 1
Peltigera didactyla 0.00 0.13 0.09 1
Peltigera leucophlebia 0.33 0.00 0.09 1
Peltigera polydactyla 0.00 0.13 0.09 1
Phaeophyscia endococcinea 0.00 0.13 0.09 1
Physcia dubia 0.00 0.13 0.09 3
Physcia phaea 0.00 0.13 0.09 2
Pseudephebe miniscula 0.00 0.13 0.09 3
Psora tuckermanil 0.00 0.13 0.09 3
Psoroma hypnorum 0.00 0.13 0.09 3
Ramalina roesleri 0.33 0.00 0.09 2
Rhizoplaca melanophthalma 0.00 0.13 0.09 3
Solorina saccata 0.00 0.13 0.09 1
Umbilicaria vellea 0.00 0.13 0.09 1
Xanthoria candelana 0.00 0.13 0.09 2
Xanthoria sorediata 0.00 0.13 0.09 1
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Appendix 1. Abundance scores in 11 lichen abundance detection plots, Gates of the Arctic National Park and
Preserve, Alaska. "Plots” were 2 hour surveys without fixed area. Abundance ratings were as follows: 1) encountered 1-3
times, 2) encountered 3-10 times; 3) encountered > 10 times but covering less area than rating 4; 4) covering more than 25%
of alt area on the substrate normally occupied by that species.
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Taxon E e | = |28 | 2 = |75 zZz5l 5 & z
Alectoria nigricans 2 3 3 3 1 3
Alectoria ochroleuca 3 3 3 3 3 2 3
Allantoparmelia almquistii 3 3 3 3
Arctoparmelia centrifuga 3 3 3 3 3 3 3 3 3 3
Arctoparmelia incurva 3
Arctoparmelia separata 3 3 3 3 3 3 3
Asahinea chrysantha 3 3 3 3
Asahinea scholanderi 3 3 3 2 3
Brodoa oroarctica 2 3 1
Bryocaulon divergens 3 3 2 3 3 3 3 3
Bryoria lanestris 4 4
Bryoria nitidula 2 3 3 3 3 3
Bryoria simplicior 1
Cetraria chlorophylla 1
Cetraria commixta/hepatizon 3 3 3 3
Cetraria cucullata 2 3 3 3 3 3 3 3 3
Cetraria delisii 2 3 3 3 3
Cetraria inermis 1
Cetraria islandica 3 3 3 3 3 3 3 3 3 3
Cetraria kamczatica 2 yi 2
Cetraria laevigata 1 2 2 2 2
Cetraria nigricans 2 3 3 3 2 3 3 3
Cetraria nivalis 2 3 3 3 3 4 3 3 4 3
Cetraria pinastri 3 3 1 1
Cetrariag sepincola 3 3 1 1
Cetraria tilesii 3 3 3 2 2 3 2
Cladina arbuscula/mitis 3 3 3 3 3 3 3 2
Cladina rangifering 3 3 3 2 3 3 3 2 3 3
Cladina stellaris 4 3 3 1 3 4 3 3 4 4
Cladonia amaurocraea 3 3 3 3 3 3 3 3 3 3 3
Cladonia bacilliformis i 2
Cladonia bellidiflora 3 3 1 7
Cladonia boryi 3
Cladonia botrytes i 1
Cladonia cariosa 1
Cladonia carneola 1 1
Cladonia cenotea 3 3 1
Cladonia chlorophaea 2 1 2
Cladonia coccifera 2 1 3 3 3 3 2 3 2
Cladonia coniocraea 2 1
Cladonia cornula 3 3 3 3 3 2
Cladonia crispata 3 3 3 3 1 1 3 3
Cladonia cyanipes
Cladonia deformis i
Cladonia ecmocyna 1 1
Cladonia fimbriata 2 1 1
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Cladonia squamosa
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Cladonia wainioi

Coelocaulon aculeatum

bt | o [ B

Collema undulatum var.

Dactylina arctica/beringica

Dactylina madreporiformis

Dactylina ramulosa

W ] ] W W
(V8]
L

Evernia mesomorpha
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Hypogymnia subobscura

" Hypogymnia vittata

Imshaugia aleurites

Lasallia pensylvanica

Leptogium saturninum

Leptogium sp.

Lobaria linita

Lobaria scrobiculata

Aasonhalea richardsonii

Melanelia disjuncta.

Melanelia exasperatula

Melanelia olivacea

Melanelia panniformis

Melanelia septentrionalis

Melanelia stygia

Melanelia tominii

Nephroma arcticum
Nephroma bellum

Nephroma expallidum

Nephroma helveticum
Nephroma parile

Nephroma resupinatum

Pannaria pezizoides

Parmelia fraudans
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Taxon 2y |2 |BF| £ F | A AE| 8 1B | ¢
Parmelia omphalodes 3 2 3 3 3 3 3 2 3 3
Parmelia saxatilis 1 1 1
Parmelia sulcata 3 3 3 2 1 2
Parmeliopsis ambigua 3 3 3
Parmeliopsis hyperopta 3 3 3 1
Peltigera aphthosa 3 3 3 3 3 3 3 3 1 3
Peltigera caning 2 3 3 3 i
Peltigera didactyla 1
Peltigera leucophlebia 1
Peltigera malacea 1 3 3 3 3 3 3 3 2 2
Peltigera polydactyla 1
Peltigera rufescens 1 2
Peltigera scabrosa 1 i 3 3
Phaeophyscia endococcinea 1
Physcia aipolia 1 3 3 2
Physcia caesia 3 3 1
Physcia dubia 3
Physcia phaea 2
Physconia muscigena 3 3
Pseudephebe miniscula 3
Pseudephebe pubescens 3 3
Psora tuckermanii 3
Psoroma hypnorum 3
Ramalina dilacerata 2 2 3
Ramalina roesleri 2
Rhizoplaca chrysoleuca 3 3
Rhizoplaca melanophthalma 3
Solorina crocea 3 3 3 3
Solorina saccata 1
Sphaerophorus fragilis 3 3 3 1 3
Sphaerophorus globosus 3 3 3 3 3 3 1 3
Stereacaulon alpinum 2 3 3 3 3 3 3 3 3
Stereocaulon glareosum 3 3 3
Stereocaulon paschale 2 3
Stereocaulon tomentosum 3 3 3 3 3
Thamnolia subuliformis 3 3 3 3 3 3 3 3 2
Tuckermanopsis americana ! 1
Umbilicaria caroliniana 3 3 1 3 3 3
Umbilicaria cinereorufescens 3 3 3
Umbilicaria cylindrica 3 2 3
Umbilicaria deusta 1 3
Umbilicaria hyperborea 3 3 3 3 3 3 3
Umbilicaria proboscidea 2 3 3 4 3 3 3 3
Umbilicaria vellea
Usnea lapponica 3 3 3
Usnea scabrata 3 3
Xanthoria candelaria 2
Xanthoria elegans 3 3 3 3 3
Xanthoria sorediata 1
Plot Totals 60 55 62 65 40 47 60 51 52 48 53
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